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(54) [Title of the Invention] THIN-FILM MAGNETIC HEAD 

(57) [Abstract] 

[Construction] Optimal material for head construction in 
thermal expansion coefficient, hardness, etc., for example, 
forsterite, phosphate glass, or the like, is selected as 
material for a lower-magnetic-core-embedded material 3 and 
signal coil insulating layers 5a and 5b, and Si02 having a 
good property of being etched is used as an insulator in a 
portion in which a groove for forming signal coil 6 is 
formed. 

[Effects] A warp, etc., caused by stress, can be reduced, 
and defects caused by a cracic, etc., are eliminated. Also, 
a nonuniform wear in a tape -running mode can be reduced and 
patterning on a groove in a coil -formed portion can be 
rapidly performed with high accuracy- 



[Claim] 

[Claim 1] A thin-film magnetic head in which a nonmagnetic 
substrate, a lower magnetic core, a coil, a coil insulating 
film, an upper magnetic core, and a protection layer are 
sequentially stacked and a magnetic circuit is formed by 
connecting, on the above, the lower magnetic core in a rear 
core connecting portion, and using a gap material at the 
front end portion of the core, characterized in that: the 
front end portion of the lower magnetic core is processed to 
have a track width dimension; at least one layer of the coil 
is formed in a groove formed in an insulating layer embedded 
between projections formed in the front end portion of the 
lower magnetic core and the rear core connecting portion; 
and the insulating layer forming the groove is composed of 
Si02- 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The present invention 
relates to thin-film magnetic heads for use in magnetic 
recording/playback apparatuses such as VTRs, and in 
particular, to a thin-film magnetic head in which stress in 
a thin film and a nonuniform wear in a tape -running mode are 
considered and in which a coil is embedded. 
[0002] 

[Description of the Related Art] Materials for a thin-film 
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magnetic head substrate, a magnetic core, an insulating 
layer, a signal coil, a protection layer, etc. , must be 
selected in consideration of, from head performance 
including running stability, wear life, reliability, etc., 
magnetic characteristics, hardness, resistance to humidity, 
film strength, and thermal expansion coefficient, and from a 
head producing aspect, a film forming method, a property of 
being etched, etc. 

[0003] Organic resin which absorbs irregularities on a 
conductor coil and which is easily subject to planarization 
has conventionally been used as interlayer insulating layer. 
In the case of considering thermal processing at 400°C or 
higher in order to obtain good magnetic characteristics of 
magnetic film, the organic resin cannot resist the 
processing . 

[0004] Regarding a thin-film magnetic head in which this 
technical defect is eliminated, there is a method for using 
inorganic insulating material to form an interlayer 
insulating layer, as described in Japanese Unexamined Patent 
Application Publication No. 58-111116. In the related art, 
Si02 is used in many cases for reasons such as its 
resistance to thermal processing. The thermal expansion 
coefficient of a substrate (e.g., oxide ceramics material of 
Mn, Ni) matching magnetic film, or protection film (e.g., 
SiOj-MgO insulating film), is 100 x lO'^^C or higher. 
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Accordingly, the thermal expansion coefficient of Si02 is 
smaller by double digits, and its hardness is greater than 
that of other materials. Therefore, Si02 film has problems 
in that large film stress occurs to remove the film, a crack 
or the like on the substrate occurs, and spacing loss 
increases since the Si02 projects when a medium is slid, 
[0005] This problem has been solved by increasing the 
thermal expansion coefficient than that of Si02 and using 
small hardness forsterite as the insulating layer, and by 
adding P2O5 to Si02. 
[0006] 

[Problems to be Solved by the Invention] Since the related 
art has a thermal expansion coefficient and hardness 
equivalent to those of another head- component material, a 
crack occurring factor decreases, and a nonuniform wear 
after tape running also decreases, 

[0007] However, forsterite and P205-added Si02 have an 
etching speed half or less than that of the Si02 film. 
Accordingly, they have problems in that, not only they are 
inappropriate in a process, but also patterning- shape 
control is difficult. 

[0008] It is an object of the present invention to provide 
a thin -film magnetic head in which a thermal expansion 
coefficient, resistance to sliding, and resistance to wear 
are considered, and which is formed by using coil insulating 
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material capable of being easily etched. 
[0009] 

[Means for Solving the Problems] To achieve the above 
object, in the present invention, Si02 material is used only 
a portion in which a groove for forming a coil is formed, 
and for the other portions, a material having an optimal 
thermal expansion coefficient and hardness for head- 
component material is used. 
[0010] 

[Operation] Since the portion in which the groove for 
forming the coil is formed uses Si02 having a good property 
of being etched, as conventional, the groove for forming the 
coil can be patterned with good accuracy. Also, since a 
coil insulating layer in the other portions uses an 
insulating material having an optimal thermal expansion 
coefficient and hardness, it is free from defects such as a 
warp, film removal, and fracture, and a nonuniform wear 
after tape running can be reduced. 
[0011] 

[Embodiment] An embodiment of the present invention is 
described by using the drawings. 

[0012] Fig. 1 is a sectional view showing an embodiment of 
a thin-film magnetic head of the present invention. Fig. 2 
is a side view of the tape-slid surface in Fig. 1, in which 
1 denotes a nonmagnetic substrate, 2 denotes a lower 



magnetic core, 3 denotes a lower-magnetic-core-embedded 
material, 4 denotes a magnetic gap, 5 denotes a signal-coil 
insulating layer, 6 denotes a signal coil, 7 denotes an 
upper magnetic core, and 8 denotes a protection film. 
[0013] In Fig. 1 and Fig. 2, the magnetic core comprises 
lower magnetic core 2 embedded in a groove formed in the 
nonmagnetic substrate 1, the signal coil 6, and the upper 
magnetic core 7 formed on the coil insulating layer 5. 
[0014] 

The upper and lower magnetic cores 2 and 7 are connected by 
the gap 4 . 

[0015] The signal coil 6 has a dual-layer spiral structure, 
and the protection film 8 is formed on the magnetic core 7. 
[0016] In this embodiment, a ceramics substrate composed of 
oxides of Mn and Ni is used as the nonmagnetic substrate. 
An amorphous alloy, such as Co-Nb-Zr, is formed on the 
magnetic core material by sputtering or the like . 
Forsterite is provided on the protection layer by sputtering, 
vapor deposition, or the like. 

[0017] Steps for producing the thin-film magnetic head of 
the present invention are described below along (a) to (i). 
[0018] (a) By using a dicing saw, ion etching, or the like, 
a groove is formed in the nonmagnetic substrate 1. A 
magnetic film of Co-Nb-Zr amorphous or the like is formed by 
sputtering, and is planarized by a wrap. 
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[0019] (b) After lower magnetic core 2 is patterned by ion 
etching, it is planarized by an embedding wrap or the like, 
and by using optimal nonmagnetic material having head 
construction, in thermal expansion coefficient and hardness, 
etc., for example, forsterite. 

[0020] (c) In addition, a front -portion projection 2a and a 
rear-portion projection 2b are formed by ion etching. The 
projection 2a defines a track width. 

[0021] (d) The portion between both projects is planarized 
such that it is fitted with nonmagnetic material, for 
example , Si02 . 

[0022] (e) A groove for forming a first coil in the Si02 
layer formed in (d) is formed by ion etching or the like. 
Si02 has an etching speed double that of another nonmagnetic 
material, for example, forsterite, and has high etching 
accuracy . 

[0023] (f) After coil conductor 5, which comprises Cr/Cu/Cr 

(Cr: junction layer), a material identical to the 

nonmagnetic insulator formed in (b) is formed by sputtering, 

and is used as a second coil insulating layer. 

[0024] (g) The second coil insulating layer is planarized 

by the etchback method, a wrap, or the like. 

[0025] (h) After second coil and third coil insulating 

layers are stacked, throughholes 6a and 6b are formed in the 

third coil insulating layer by ion etching in alignment with 



lower magnetic core projections 2a and 2b. 
[0026] (i) An upper magnetic core 8 is made such that, 
after a gap member of Cr or the like, a core material 
identical to that for the lower magnetic core is sputtered 
to form a film, and the film is etched. After that, by the 
steps of protection film foirmation, chip formation, assembly, 
etc., a head is finished. 

[0027] According to this producing method, by using Si02 
only for a portion in which the coil is formed, patterning 
on the coil-formed film can be rapidly performed with high 
accuracy, and since a material which is optimal for head 
structure in thermal expansion coefficient, hardness, etc., 
is used as the nonmagnetic material for the other portions, 
defects caused by stress and a nonuniform wear can be 
reduced. 
[0028] 

[Advantages] According to the present invention, a 
difference between a substrate and film in the steps of film 
formation, thermal processing, etc., decreases. Thus, a 
warp, etc., caused by stress can be reduced, and defects 
caused by fracture, etc., are eliminated. In addition, also 
a nonuniform wear in a tape-running mode can be reduced, and 
patterning on a groove in a coil-formed portion can be 
rapidly performed with high accuracy. 
[Brief Description of the Drawings] 
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[Fig, 1] Fig. 1 is a sectional view showing an embodiment 
of a thin-film magnetic head of the present invention. 
[Fig. 2] Fig. 2 is a side view of the tape-slid surface in 
Fig. 1. 

[Fig. 3] Fig. 3 is a process chart illustrating an example 
of a thin-film magnetic head of the present invention. 
[Fig. 4] Fig. 4 is a process chart illustrating another 
embodiment of the thin- film magnetic head of the present 
invention . 

[ Reference Numerals ] 

1 : nonmagnetic substrate 

2 : lower magnetic core 

3: lower-magnetic-core-embedded material 

4 : gap 

5a, 5b: signal coil insulating layers 

6: signal coil 

7 : upper core 

8: protection film 



